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doi:10.1016/j.ejvs.2008.12.021Abstract Objectives: Endovascular techniques are an integral part of modern-day vascular
surgery practice and training. Nevertheless, validated in vitro assessment tools for these skills
are scarce. This study describes the development and pilot testing of the Simulator for Testing
and Rating Endovascular Skills (STRESS machine).
Design: The design was kept straightforward and compact, without the need for contrast or
fluoroscopy. A specific technical skill score was designed analogous to the Imperial College
Evaluation of Procedural Skill (ICEPS), an assessment score for open surgical skill. This score
was combined with an already validated global rating assessment to form the total score (TS).
Methods: A pilot study was carried out on 18 candidates of varying levels of expertise: novice,
intermediate and expert, who were assessed by two independent observers to test inter-
observer reliability.
Results: Inter-observer reliability was excellent, Cronbach’s a coefficient of the TS was 0.94
(95% confidence interval: 0.84e0.97). A one-way analysis of variance (ANOVA) showed a signif-
icant difference between the novice and expert groups (p< 0.001), between the novice and
intermediate groups (p< 0.01) and between the intermediate and expert groups (p< 0.05).
Conclusion: The STRESS machine, in combination with the specific technical skill score and
global rating assessment, provides a reliable method of discriminating between the novice,
intermediate and expert candidates with excellent inter-observer variability.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.3615333; fax: þ31 243610368.
cn.nl (M.C.M. Willems).
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432 M.C.M. Willems et al.In the traditional mentoreapprenticeship model, the surgical
trainee acquired skills in a one-on-one teaching situation
using the patient as a teaching material. Although safety of
the patient has been warranted by the fact that a senior
surgeon guided the operations, this way of teaching no longer
meets the requirements of modern surgical skills training.
Important reasons for this are a desire for more uniformity in
training, a growing public demand for ‘quality assurance’ and
a major shift in operation techniques. Vascular surgery in
particular has seen a major shift in daily practice due to the
evolution of endovascular techniques.1,2 The historical rela-
tionship of vascular surgeons with their patients, the reduc-
tion of the number of open procedures and the growing
workload of interventionalists have committed vascular
surgeons to develop a certain level of endovascular skills. This
change in technique demands specific skills of vascular
surgeons such as eyeefluoroehand coordination and catheter
techniques that were originally not incorporated in the
vascular surgical curriculum. As a consequence, no means of
evaluation of these skills are available.
Since the 1990s, high-fidelity computer simulators have
been developed by the industry for the purpose of testing
guide wires and catheters and teaching interventionalists.
Several studies have proved that skills can be acquired
using these types of computer simulations.3e6 These studies
were based on the quantitative metrics that the computer
models provided. While these models were demonstrated
to have excellent face validity (the extent to which the
examination resembles real life), the metrics appeared to
fail in differentiating between experienced and non-expe-
rienced candidates.7,8 Apparently, fluoroscopy time,
procedure time, lesion coverage or residual stenosis
measurements do not render sufficient information to
differentiate between an experienced and an inexperi-
enced candidate. In addition, these high-tech machines are
not flawless. Hsu et al. reported mechanical and software
malfunctions which resulted in having to re-start the test
on several occasions.7 Finally, acquisition and maintenance
of these machines are rather expensive.
In this article, we discuss the development of an
assessment tool for the European Board of Vascular SurgeryFigure 1 Schematic drawing of the STRESS machine which consis
model of the abdominal aorta, renal and iliac arteries with differe
model provides a view of the entire ‘‘abdomen’’ on a monitor. Using
is merged with the live-camera feed, replicating a plain fluoro-mo(EBSV assessment), combining a simple and low-tech model
with an assessment scoring system.
The Testing Machine
This designed model, the Simulator for Testing and Rating
Endovascular Skills (STRESS), does not require fluoroscopy,
contrast, running water, balloons or stents. To avoid bias by
differentiation based on specific skills, a general endovas-
cular technique is required for testing. In pilot studies,
simple guide-wire negotiation of iliac arteries, while passing
various levels of stenoses and tortuosities, and catheteri-
zation of a side branch of the aorta seemed to provide
reproducible results. The STRESS machine consists of a light
source covered by a container which holds a dry glass model
of the abdominal aorta, renal and iliac arteries with various
stenotic lesions, elongations and tortuosities. A camera
placed above the glass model provides a view of the entire
‘abdomen’ on a monitor. Using a computer software, a plain
abdominal radiographical image is merged with the live-
camera feed, replicating a plain fluoro-mode while blurring
the few visible edges of the glass model. An introducer
sheath is prepositioned in the right and in the left external
iliac artery, forming the access to the model, through which
real catheters and guide wires are used (Fig. 1). Working on
the STRESS machine, while looking at the computer screen,
gives the impression of using fluoroscopy. At various levels,
a contrast angiography can be simulated in the life view,
replicating a non-subtracted, single-shot, contrast injec-
tion, which disappears after a few seconds.
The model is designed to test guide wire and catheter
manipulation. The iliac region is used to assess the behav-
iour of the candidate in case of stenoses; the renal arteries
are used to test the ability to catheterise a side branch.
The Scoring System
Training on simulators and transfer of the acquired skills in
the clinical situation has gained much attention in the last
decade. Studies on the assessment of obtained skills,ts of a light source covered by a container that holds a dry glass
nt tortuosities and stenoses. A camera placed above the glass
a computer software, a plane abdominal radiographical image
de. Introducer sheaths are prepositioned.
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carried out, using the search terms: endovascular, inter-
ventional, computer, virtual reality, assessment and
training. This yielded 11 clinical trials for assessment of
endovascular skills in peripheral arterial disease.3e13 All of
these trials were carried out on the so-called ‘high-fidelity’
virtual-reality simulators and focussed on the validation of
the simulator rather than on assessment. The majority of
these clinical trials only analysed the metrics provided by
the computers, such as procedural time, fluoroscopy time
or amount of contrast given. 3,6,8,10,11,13 A call for more
subjective assessment has been made by several authors
when it became apparent that virtual-reality simulators,
using the automatically provided metrics, could not
adequately assess a candidate on their own.4,6,8,14,15
Aiming at developing a suitable scoring system, we
assessed the existing scoring systems for open surgical
skills. In 1995, the Department of Surgery in Toronto
developed the objective structured assessment of technical
skill (OSATS).16,17 The OSATS is a multistation performance-
based examination designed to assess the technical skills of
surgical trainees. The evaluation tools used consist of an
operation-specific checklist combined with a global rating
scale. These have been validated extensively.16e18 The
operation-specific checklist assigns points to each section
of the operation, such as informing the patient, draping the
patient, placing the incision, etc. The global rating scale
assigns points to more global aspects of the operation, such
as ‘flow of the operation’, ‘tissue handling’ and ‘instrument
handling’. The points in the operation-specific and global
rating scales are given on the basis of a so-called Likert
scale. This is a response scale often used in questionnaires
and in examinations. The respondent (in this case, the
examiner) is asked to indicate his agreement with a pre-
defined statement on the performance of the candidate
using five categories: strongly agree, agree, don’t know,
disagree or strongly disagree, which are subsequently
translated into 1e5 points, respectively.
We decided to use a combination of operation-specific
and global rating assessments parallel to a recently vali-
dated checklist-derived scoring system, the ‘Imperial
College Evaluation of Procedure-Specific Skill’ (ICEPS). This
system has been developed by Pandey et al. and is used for
the assessment of open surgical skills in the EBVS asses-
ssment.19e21 The ICEPS is drawn up and validated for
several open surgical procedures. Analogous to this method
of developing the ICEPS, we developed our checklist-
derived score for endovascular skills.
The procedure of catheterization of a renal artery is
divided into small tasks, such as passage of a stenosis or
handling the guide wire, using textbooks of endovascular
techniques. This forms a so-called ‘hierarchical task list’.
The hierarchical task list was put into a five-point Likert
rating scale with specific description for each issue. The
hierarchical task list could entirely be included in the rating
scale, while it remained easy to handle for the assessors.
This resulted in a so-called specific technical skill score
composed of six items, generating a maximum of 30 points
and a minimum of 6 points.
The best-validated and oldest global rating scale is
OSATS of the Department of Surgery in Toronto.17 In 2006,
Hislop et al. have modified this global rating scale of OSATSin order to use it for assessment of endovascular skills. This
was called the Modified Reznick Scale (MRS).9 We have
adopted the MRS for the global rating assessment of the
STRESS machine.
The scoring system we have used on the STRESS machine
is a combination of an ICEPS assessment, called the specific
technical skill score and the MRS, called the global rating
assessment. The final ‘total score (TS)’ normalised into
a 1e100 point score.
Pilot Study
To initiate a validation of the developed model and the
assessment system, a pilot study was carried out for testing
18 candidates of varying levels of expertise.
Assignments
The candidates operating the STRESS machine receive two
assignments. The first assignment is to access the left renal
artery (LRA) from the right groin. This is the easiest
assignment of the two and is predominantly used for
allowing the candidate to get acquainted with the machine.
The second assignment is to access the right renal artery
(RRA) from the left groin. This is the main and the more
difficult task of the two and used for actual assessment.
The TS is derived from the specific skill score of the RRA,
combined with the global rating score, scored during both
assignments.
Candidates and assessors
Novices were selected from the surgical residents in our
hospital. They can be considered to have a certain innate
surgical aptitude but no endovascular knowledge or skill.
The intermediate and experienced candidates were
vascular surgeons or interventionalists from our hospital
and the hospitals in our region. The candidates were all
provided with the same, written explanation of the STRESS
machine and the two assignments. The specific technical
skill score and global rating score were assessed by two
independent assessors. The time needed to complete each
assignment (procedural time) was measured with
a maximum of 10 min per assignment. The mean procedural
time measurements of the LRA and RRA assignments are
Figure 2 The mean total score for novice, intermediate and
expert candidates. Error bars represent standard deviations.
**The difference between the novice and intermediate candi-
dates is significant, with p-value <0.01 (ANOVA). *p-value for
the difference between the intermediate and expert candi-
dates is <0.05. ***p-value for the difference between the
novice and expert candidates is <0.0001.
Figure 3 The total time is represented on the vertical axis
and experience on the horizontal axis. Individual values and
means (horizontal bar). The difference between the novices
and intermediates is significant, p< 0.05 (unpaired t-test with
Welch correction). **The difference between the novices and
expert candidates has a p-value of <0.01.
434 M.C.M. Willems et al.presented, as well as the sum of both (Table 1). After the
assessment, the candidates were asked to estimate their
endovascular workload in the previous 12 months, as either
primary assistant or interventionalist. The workload was
divided into six categories: 0, 1e10, 11e25, 25e50, 50e250
and >250 procedures per year.
Statistics
Inter-observer reliability was tested using Cronbach’s
a coefficient, the most common method of assessing vari-
ability between observers. The results are presented as
mean values, with standard deviation and 95% confidence
intervals. To assess the differences in scores obtained by
novices, intermediates and experts, a one-way ANOVA was
used. The mean procedural time (minutes) per group of
candidates is not only evaluated as the sum of mean time of
both assignments, but it is also evaluated for each separate
assignment. To analyse time differences, the unpaired
t-test with Welch correction was used.
Results
Of the 18 candidates, eight were novices, five candidates
had either assisted or performed 10e25 procedures in the
last 12 months and were considered ‘intermediate’ and five
candidates had performed more than 25 unsupervised
procedures in the last 12 months and were considered
‘experienced’.
Inter-observer reliability was excellent. Cronbach’s
a coefficient for the specific technical skill scores of the
LRA and RRA catheterizations were 0.88 and 0.90, respec-
tively. Cronbach’s a coefficient for the passage rating test
and the global rating assessment score was 0.89 and 0.94,
respectively. Cronbach’s a coefficient of the TS was 0.94.
Five out of eight novices did not complete the test
within the allotted time of 10 min, but could be scored
using the ICEPS and MRS even without completing the test.
The mean TS of the novice group was 43 5.1 (standard
deviation), with a 95% confidence interval of 38e47. The
mean TS of the intermediate group was 66 10.8 (95%
confidence interval: 52e79) and of the expert group
83 14.3 (95% confidence interval: 65e100). A one-way
ANOVA shows a statistically significant difference between
the novice and expert groups (p< 0.001), the novice and
intermediate groups (p< 0.01) as well as a statistically
significant difference between the intermediate and expert
groups (p< 0.05) (Fig. 2).
The total procedural time correlated with categorised
experience. The novices completed both assignments
significantly slower than the intermediate candidates with
a median time of 15.3 4.1 min for novices and
9.2 3.3 min for the intermediate candidates (p< 0.05).
The difference between the novice candidates and expert
candidates was also significant (p< 0.01); however,
because the expert candidates were only just a little faster
than the intermediate candidates (7.5 4.1 min), there
was no difference between those groups (Fig. 3). Analysed
separately per assignment, the procedural time of the
easier, ‘practice’ LRA assignment did correlate with expe-
rience, while the procedural time needed for the more
difficult RRA assignment did not correlate with experience.Discussion
The fact that today’s vascular surgeon needs some endo-
vascular skill is hardly disputed anymore and is accepted by
both the vascular surgery and interventional radiology
society. However, clear definitions of training curricula for
endovascular skills are lacking, or at least not uniform
throughout Europe. Until these curricula are implemented,
we cannot define the exact tasks expected from a vascular
surgeon. How much endovascular skill does a vascular
surgeon need? Our feeling was that some knowledge of
material and some basic guide-wire handling and catheter
skill should be demonstrable. Hislop et al. have
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branches alone correlates well with endovascular experi-
ence.9 In a recent study, Neequaye et al. have shown the
possibility of transference of skill between two endovas-
cular skills (iliac and renal stenting). In other words, when
a candidate is trained in one endovascular task he/she will
also improve in another, untrained, endovascular task.11
Our assumption was, therefore, that a renal catheterization
with passage of common lesions in the iliac arteries would
allow reproducible evaluation of simple guide-wire and
catheter negotiation.
Any assessment method should be valid and reliable.
Validity is a combination of several aspects: (1) Construct
validity is the extent to which a test measures the trait that
it purports to measure; in other words, it measures whether
the test is able to discriminate between surgeons of varying
levels of skill. (2) Content validity is the extent to which the
trait that is being measured is indeed measured by the
assessment tool. (3) Concurrent validity is the extent to
which the results correlate with the golden standard. (4)
Face validity is the extent to which the examination
resembles real life. (5) Predictive validity is the ability of
the examination to predict future performance.19,22 The
use of simulation for assessment requires face, construct
and content validity.23
Content validity as well as face validity of this model is
warranted by the fact that real guide wires, catheters and
introduction sheaths are used. Face validity, although not
formally tested, was considered very high by candidates
(inexperienced as well as experienced) and by the assessors
who have tried the STRESS machine themselves. The specific
technical skill scoring starts with judgement of the choice of
the materials and focuses on the way the material is used.
Besides, eyeefluoroehand movement, reaction to obstruc-
tion and technique of catheterization of renal artery are
assessed; all ofwhich represent the traits thatwebelieve are
important to measure. Construct validity, the most impor-
tant domain of validity, is tested by separating the candi-
dates in groups of different categorised experiences and
measurements of the discrimination between those groups.
Historically, experience of surgeons is always expressed
in logbooks of numbers of procedures performed. It has
been proved previously that mentoring of vascular surgeons
in 100 diagnostic angiographies and 50 interventional
procedures results in safe endovascular therapy.24 For this
pilot study, we have assumed that candidates who per-
formed more than 25 procedures in the last 12 months
without tutoring have received a similar training and are
able to perform a safe interventional procedure. In the
absence of a qualified assessment tool, experience has to
be expressed in numbers, which, at the same time, is an
unavoidable weakness of this study.
Assessment has, in the past, heavily relied on ‘gut feel-
ings’ of trainer-surgeons. However, this form of assessment
has been proven unreliable. Logbooks, examinations and
outcome audits have all been tried in the quest towards
assessment, and each of those methods undoubtedly has its
place.15 However, assessment of practical skill remains
difficult to validate. The scoring system we have developed
combines a specific task list in a Likert scale with a global
rating scale and discriminateswell among the three groups of
candidates: those with no endovascular experience, thosewith limited experience (assisted or performed 10e25
procedures in the last 12 months) and candidates who
perform procedures unassisted and did so >25 times in the
last 12 months. The most difficult task proved to be the best
discriminator between categorised experiences. This fact
was also recognised by the group of Pandey et al., who found
that the most sophisticated task in the validation of the
practical examination of open vascular skills at the EBVS
assessment, the anterior tibial artery anastomosis, was the
best discriminator of experiences.19
The time needed to complete both procedures only
differentiated well between the novice and intermediate,
and between the novice and expert candidates. Appar-
ently, as soon as an intermediate status is reached,
procedural time fails to indicate the more experienced
candidates. Analysed per assignment, in the easier LRA
assignment, the procedural time differentiates well
between the novice and intermediate candidates, but it
fails to indicate the more experienced candidates during
the more difficult RRA assignment. However, one has to
bear in mind that procedural time does not necessarily
reflect endovascular skill. When it is the only metric
measured on a simulator, it might reflect endovascular skill,
but just as well, it might only reflect the ‘getting used to
the device’ character. For practical reasons, a time limit of
10 min per assignment was set, which further reduces the
value of procedural time measurement.
The pilot study is the start of the validation of the
developed STRESS machine with its scoring system. This
pilot study will have to be followed by a more extensive
study, and determination of cut-off levels for passing or
failing of the test.
Conclusion
The STRESS machine, in combination with the specific rating
score and global rating scale, provides a reliable method of
discriminating between novice and experienced inter-
ventionalists and has an excellent inter-observer variability.
Conflict of Interest
The authors have no conflict of interest.
Funding
The authors have no funding.
References
1 Kashyap VS, Ahn SS, Davis MR, Moore WS, Dietrich EB. Trends in
endovascular surgery training. J Endovasc Ther 2002;9:633e8.
2 Lamont PM, Scott DJA. The impact of shortening training times
on the discipline of vascular surgery in the United Kingdom. Am
J Surg 2005;190:269e72.
3 Aggarwal R, Black SA, Hance JR, Darzi A, Cheshire NJW. Virtual
reality simulation training can improve inexperienced surgeons
endovascular skill. Eur J Vasc Endovasc Surg 2006;3:588e93.
4 Dayal R, Faries PL, Lin SC, Bernhei J, Hollenbeck S,
DeRubertis B, et al. Computer simulation as a component of
catheter-based training. J Vasc Surg 2004;40:1112e6.
436 M.C.M. Willems et al.5 Chaer RA, DeRubertis BG, Lin SC, Bush HL, Karwowski JK, Birk D,
et al. Simulation improves resident performance in catheter-
based intervention. Ann Surg 2006;244:343e9.
6 Patel AD, Gallagher AG, Nicholson WJ, Cates CU. Learning
curves and reliability measures for virtual reality simulation in
the performance assessment of carotid angiography. J Am Coll
Cardiol 2006;47(9):1796e802.
7 Hsu JH, Younan D, Pandalai S, Gillespie BT, Jain RA,
Schippert DW, et al. Use of computer simulation for determining
endovascular skill levels in a carotid stenting model. J Vasc Surg
2004;40:1118e24.
8 Berry M, Lystig T, Reznick R, Lo¨nn L. Assessment of a virtual
interventional simulator trainer. J Endovasc Ther 2006;13:
237e43.
9 Hislop SJ, Hsu JH, Narins CR, Gillespie BT, Jain RA,
Schippert DW, et al. Simulator assessment of innate endovas-
cular aptitude versus empirically correct performance. J Vasc
Surg 2006;43:47e55.
10 Duncan JR, Kline B, Glaiberman CB. Analysis of simulated
angiographic procedures. Part 2: extracting efficiency data
from audio and video recordings. J Vasc Interv Radiol 2007;
18(4):535e44.
11 Neequaye SK, Aggarwal R, Brightwell R, van Herzeel I, Darzi A,
Cheshire NJ. Identification of skills common to renal and iliac
endovascular procedure performed on a virtual reality simu-
lator. Eur J Vasc Endovasc Surg 2007;33(5):525e32.
12 Berry M, Lystig T, Beard J, Klingestierna H, Reznick R, Lonn L.
Porcine transfer study: virtual reality simulator training
compared with porcine training in endovascular novices. Car-
diovasc Intervent Radiol 2007;30(3):455e61.
13 Dawson DL, Meyer J, Lee ES, Pevec WC. Training with simulation
improves residents’ endovascular procedure skills. J Vasc Surg
2007;45(1):149e54.14 Gould DA, Kessel DO, Healey AE, Johnson SJ, Lewandowski WE.
Simulators in catheter-based interventional radiology: training
or computer games? Clin Radiol 2006;61:556e61.
15 Shah J, Darzi A. Surgical skills assessment: an ongoing debate.
BJU Int 2001;88:655e60.
16 Reznick R, Regehr G, MacRae H, Martin J, McCulloch W. Testing
technical skill via an innovative ‘‘bench station’’ examination.
Am J Surg 1997;173:226e30.
17 Martin JA, Regehr G, Reznick R, MacRae H, Murnaghan J,
Hutchison C, et al. An objective structured assessment of
technical skill (OSATS) for surgical residents. Br J Surg 1997;84:
273e8.
18 Regehr G, MacRae H, Reznick R, Szalay D. Comparing the
psychometric properties of checklists and global rating scales
for assessing performance on an OSCE-format examination.
Acad Med 1998;73:993e7.
19 Pandey VA, Wolfe JHN, Lindahl JA, Rauwerda D, Bergqvist D.
Validity of an exam assessment in surgical skill: EBSQ-VASC pilot
study. Eur J Vasc Endovasc Surg 2004;27:341e8.
20 Pandey VA, Wolfe JHN, Liapis CD, Bergqvist Don behalf of the
European Board of Vascular Surgery. The examination assess-
ment of technical competence in vascular surgery. Br J Surg
2006;93:1132e8.
21 Pandey V, Wolfe JHN, Moorthy K, Munz Y, Jackson MJ, Darzi AW.
Technical skills continue to improve beyond surgical training. J
Vasc Surg 2006;43:539e45.
22 Moorthy K, Munz Y, Sarker SK, Darzi A. Objective assessment of
technical skills in surgery. BMJ 2003;327:1032e7.
23 Gould DA. Training on simulators: limitations and relevance. Eur
J Vasc Endovasc Surg 2007;33:533e5.
24 Weaver FA, Hood DB, Haimesh S, Alexander J, Katz S, Rowe V,
et al. Current guidelines produce competent endovascular
surgeons. J Vasc Surg 2006;43:992e8.
